Transglycosylation reaction catalyzed by a class V chitinase from cycad, Cycas revoluta: a study involving site-directed mutagenesis, HPLC, and real-time ESI-MS.
Class V chitinase from cycad, Cycas revoluta, (CrChi-A) is the first plant chitinase that has been found to possess transglycosylation activity. To identify the structural determinants that bring about transglycosylation activity, we mutated two aromatic residues, Phe166 and Trp197, which are likely located in the acceptor binding site, and the mutated enzymes (F166A, W197A) were characterized. When the time-courses of the enzymatic reaction toward chitin oligosaccharides were monitored by HPLC, the specific activity was decreased to about 5-10% of that of the wild type and the amounts of transglycosylation products were significantly reduced by the individual mutations. From comparison between the reaction time-courses obtained by HPLC and real-time ESI-MS, we found that the transglycosylation reaction takes place under the conditions used for HPLC but not under the ESI-MS conditions. The higher substrate concentration (5 mM) used for the HPLC determination is likely to bring about chitinase-catalyzed transglycosylation. Kinetic analysis of the time-courses obtained by HPLC indicated that the sugar residue affinity of +1 subsite was strongly reduced in both mutated enzymes, as compared with that of the wild type. The IC(50) value for the inhibitor allosamidin determined by real-time ESI-MS was not significantly affected by the individual mutations, indicating that the state of the allosamidin binding site (from -3 to -1 subsites) was not changed in the mutated enzymes. We concluded that the aromatic side chains of Phe166 and Trp197 in CrChi-A participate in the transglycosylation acceptor binding, thus controlling the transglycosylation activity of the enzyme.